Background: We present the Þ ndings from the largest hospital-based studies on myasthenia gravis from India, using data collected over a period of 43 years from the Neurology Department in a tertiary referral center in India. Objectives: To study the clinical presentation, age at onset, gender distribution, serological status and thymic pathology in patients with myasthenia gravis. Materials and Methods: A retrospective study was carried out using records of patients with myasthenia gravis from the years 1965 to 2008. Results: Of 841 patients, 836 (611 males and 225 females) had acquired myasthenia (myasthenia gravis) and Þ ve congenital myasthenia. The median age at onset was 48 years (males 53 years and females 34 years). The peak age at onset for males was in the sixth and seventh decade and in females, in the third decade. Two hundred and twenty-two (26.31%) patients had ocular and 616 (73.68%) generalized myasthenia. Serological studies were done in 281 patients with myasthenia gravis for Acetylcholine receptor (AchR) antibodies of which 238 (84.70%) were seropositive. The most common histopathology was thymoma and the second most common was thymic hyperplasia. Conclusion: Myasthenia gravis in our study was more common in males (M:F of 2.70:1). There was a single peak of age at onset (males sixth to seventh decade; females third decade). The higher prevalence of thymomas in this series is in all probability related to selection bias as patients with thymic enlargement or more severe disease underwent thymectomy. Thymoma was more common in males; hyperplasia in females.
Introduction
Myasthenia gravis is a potentially serious but treatable autoimmune disease affecting the neuromuscular junction of the skeletal muscle. It is characterized by weakness and fatigability of the voluntary muscles and is, in most patients, caused by auto antibodies against the muscle nicotinic acetylcholine receptors (AchR). [1] There is a lack of epidemiological data from India. We present findings from our data (collected over 43 years from ) from a single tertiary referral center in India.
Materials and Methods
All the patients included in the study were cases of myasthenia diagnosed on clinical basis and response to cholinesterase inhibitors (edrophonium or neostigmine). Chest X-ray was done in all patients. Electrophysiology, serology, Computed Tomography (CT)/Magnetic Resonance Imaging (MRI) of chest were done when these became available. The data was analyzed retrospectively with respect to gender, age at onset, Myasthenia Gravis Foundation of America (MGFA) classification and results of investigations including serology, electrophysiology, and histopathology of thymectomy specimens. All the patients included in the study were evaluated and treated by one of the authors over a period of 43 years.
Electrophysiological studies
Repetitive nerve stimulation (RNS) was done at slow rates at 2-3 Hz to look for decremental responses in rested and post exercised muscles at a limb temperature of 33 0 C. The patients were off the cholinesterase inhibitor medication for 24 hours before the test. Abductor digiti minimi, extensor indicis, deltoid, trapezius, nasalis, orbicularis oculi and masseter muscles were examined using standard techniques as described. [2] Decrement of greater than 10% in the baseline to peak amplitudes between first and fourth responses was considered significant. When no decrement was obtained from the muscle at rest, a one minute voluntary exercise was given and RNS repeated after two and four minute.
The distal compound muscle action potential was recorded and when found to be ambiguous; a 10 sec post exercise response was recorded to rule out any increment due to a presynaptic neuromuscular transmission defect. Concentric needle electromyography examination was done in some patients to rule out any primary muscle disease or anterior horn cell lesion. Single fiber electromyographic studies were not done.
Antibody assays
The AchR antibodies were measured by a standard radioimmunoassay method with human 125 I-AchR as antigen and using AchR RIA-kits (DLD Kit, Geselschaft, Germany). Titers less than 0.25 nanomoles per liter (nmoles/l) were considered negative, values between 0.25 to 0.40 nanomoles per liter were considered borderline and titers greater than 0.40 nanomoles per liter were considered positive. Serological studies for auto antibodies to the receptor tyrosine kinase MuSK in seronegative patients were not available and hence not done.
Thymectomy
In the initial years of the study, prior to the availability of the CT scan and MRI, a routine chest X-Ray was done to detect thymic enlargement for all patients. In later years, CT scan and/or MRI of chest were done to detect thymic enlargement.
Depending on the size of the thymus, transcervical or transternal thymectomy was done. Indications for thymectomy were thymic enlargement or tumor documented on radiology. In non-thymomatous patients, the indications were severe and progressive generalized disease with suboptimal response to anticholinesterase drugs and no major contraindications to surgery.
Results

Age at onset and sex distribution
Of the 841 patients, 836 patients had acquired myasthenia. Of these, 611 were males and 225 were females. The M:F ratio was 2.70:1. The median age at onset was 48 years (Interquartile range 32-61 years); in males it was 53 years (Interquartile range 39-64 years) and in females 34 years (Interquartile range 24-46 years). The mean age at onset was 46.9 years, (males-51 years, females-35.6 years), (Range 2-91 years). There were five patients with congenital myasthenia (three males and two females). The age of onset in four patients was between one to eight years and one patient had onset at 14 years. Of the two patients where genetic studies were done, one patient had mutation in the Epsilon subunit of the muscle AchR. Another patient with limb girdle presentation was found to have missense mutation N88K in the gene encoding Rapsyn. Three patients (including a sib pair) had a positive family history.
In the acquired group, the peak age at onset for males was in the sixth and seventh decade with 138 (22.58%) in the sixth decade and 135 (22.09%) patients in the seventh decade. In females, the disease presented early with a peak age at onset in the third decade with 67 (29.77%) patients [ Figure 1 ].
MGFA classiÞ cation
The 836 patients with acquired myasthenia were retrospectively classified according to the Myasthenia Gravis Foundation of America (MGFA) classification [ Figure 2 ] when first seen. Two hundred and twenty (26.31%) patients had ocular myasthenia (Class I) and 616 (73.68%) had generalized myasthenia. Of the patients with generalized myasthenia 421 (50.36 %) belonged to Class II, 145 (17.34 %) to Class III and 39 (4.67 %) to Class IV of the MGFA Classification. Eleven (1.32%) patients in the present series presented with respiratory muscle weakness requiring intubation (Class V). Immunological Þ ndings Serological studies were done on 281 patients with acquired myasthenia for AchR antibodies. Of these, 238 (84.70%) were seropositive.
Electrophysiology
Electrophysiological studies using RNS were documented for 511 patients of whom 391 (76.52%) patients showed a decremental response.
Thymectomy and thymic histology
The different types of thymic histology are shown in Figure 3 . Two hundred and thirteen patients (25.32%) underwent thymectomy of which 135 (63.38%) were males and 78 (36.61%) females. The histopathology findings were available in 183 thymectomy specimens. The most common histopathology finding reported was thymoma in 58 (31.69%), of which 40 were from males and 18 from females. Thymic hyperplasia was the next most common histopathology finding accounting for 52 (28.41%) of which 21 were from males and 31 were from females. Forty-five specimens showed atrophic thymus, 37 from males and eight from females. The remaining 21 samples showed benign pathology varying from cysts to lipomas.
Discussion
There are several studies from India dealing with various aspects such as electrophysiology, [3] response to various treatment modalities [4] and comparison of juvenile with adult myasthenia. [5] However, there is no epidemiological data on myasthenia from India. The present study, although not an epidemiological study, is the largest study from a tertiary referral center in India.
Myasthenia gravis has traditionally been regarded as a disorder of young women and older men, with the disease being more prevalent in females. Studies from Greece, by Poulas et al., and Cambridgeshire by Robertson et al., showed a F:M ratio of 1.41:1 [6] and 2:1 [7] respectively. In Asia, epidemiological studies on Hong Kong Chinese by Yu et al., showed a F:M ratio of 2.1:1. [8] There was a female preponderance in all these studies. In contrast, we found a male preponderance; the M:F ratio being 2.70:1. Interestingly, Wing Lok et al., in their hospital-based study from Singapore noted myasthenia to be four times more common in Indian males than females although in their ethnic Chinese and Malay patients there was a female preponderance. [9] The male preponderance in our study cannot be explained by the population statistics of India alone, which showed a F:M ratio of 1:1.01. [10] As socio-culturally, men have easier access to tertiary healthcare than women in India, it is possible that mild cases of myasthenia gravis in females may have gone unreported.
Myasthenia gravis affects all ages but not uniformly. In several studies there is a bimodal distribution of age at onset for females and males. In the female population, Wing Lok et al., from Singapore, [9] noted two peaks between 40 to 49 years and 60 to 69 years, whereas Lavrnic et al., from former Yugoslavia, reported two peaks between 20 to 40 years and 70 to 80 years. [11] However, Mantegazza et al., [12] and Poulas et al., [6] reported a single peak in the females in the third decade and second and third decades respectively. In the studies from India, Saha et al., from Kolkata and we found a single peak of age at onset in females in the third decade. [13] In the male patients, Renato Mantegazza et al., from Italy reported a bimodal onset with the peaks in the third and sixth decade. [12] However, in several studies there is a single peak of age at onset in males. Poulas et al., [6] reported the peak in the sixth and seventh decade while Lavrnic et al., [11] reported in the sixth to eighth decade. In the present study we observed a single peak in the males in the sixth and seventh decade. In most studies [6, 13] including ours, the peak of onset has been earlier in the females as compared to males.
The MGFA classification of the acquired group identifies subgroups of patients with myasthenia gravis who share distinct clinical features or severity of disease. [14] Ocular symptoms are frequent as the initial presentation. Mantegazza and Guidetti reported a frequency of 39.3% and 36.8% respectively. [12, 15] In our series 220 (26.31%) had ocular myasthenia. Respiratory distress can be a presenting feature of myasthenia gravis. In the series reported by Mantegazza 0.8% presented with respiratory symptoms. [12] There were 11(1.32%) patients in the present series who presented with respiratory muscle weakness requiring intubation.
In patients undergoing thymectomy, nonthymomatous pathology is more common than thymoma. [16] [17] [18] [19] However, in several studies on thymic pathology in myasthenia from India, thymoma was found to be more common than thymic hyperplasia. [20] [21] [22] In the present study, the most common histopathology noted was thymoma. This is in all probability the consequence of selection bias as patients who underwent thymectomy had enlarged thymus on imaging or had more severe disease. Thymoma was more common in the males. Hyperplasia was more common in females. In many reported series thymomas are more frequent in the males. [17, 23] The present study has limitations as it is a hospital-based study. An epidemiological study would be useful to provide accurate answers to many questions raised such as male preponderance and to know if the prevalence in India is on the rise.
Conclusion
Myasthenia gravis in our study was more common in males. There was a single peak of age at onset in both males and females: in males in the sixth to seventh decade and in females in the third decade. AchR antibodies were positive in nearly 84% of the patients where it was tested. RNS was positive in 76% of the patients. The higher prevalence of thymomas in this series is in all probability due to selection bias as patients with thymic enlargement and more severe disease underwent thymectomy. Thymomas were more common in males and thymic hyperplasia in females.
